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ABSTRACT 
A cytoplasmic structure exhibiting a  peculiar configuration of agranular rcticulum has been 
found in the rat pinealocyte, and has been designated a  canaliculate lamellar body.  It con- 
sists of a  number of fenestrated, flat cisternae which are closely spaced. They bear some  dis- 
tant resemblance to the annulate lamellae previously reported in a variety of cell types.  Pro- 
files of stacks of lamellae in a  plane of section always display two distinct aspects, the surface 
and the cross-sectional views of flat cisternae. A  surface view shows the hexagonal  arrange- 
ment of pores or fenestrations. The pores in successive lamellae are aligned precisely, one be- 
hind the other,  so that clear,  cylindrical channels are  seen running  perpendicular  to  the 
lamellae as indicated by transverse sections of the lamellar stacks. Large canaliculate lamel- 
lar bodies are composed of many extended series of lamellar stacks which pursue a  tortuous 
course and cross one another. Occasionally the canalicula te lamellar body is located deep  in 
a  nuclear invagination, which reminds one of the so-called nuclear  pellets (Kernkugeln)  re- 
ported by light microscopy. The functional significance of the body is unknown. 
INTRODUCTION 
The  pineal  parenchymal  cell,  although  derived 
from primitive ependyma,  does not resemble other 
nervous  tissue  cells  in  its  fine  structure.  It  pos- 
sesses  a  number  of unique  cytoplasmic  features, 
most  of which  have  been  presented  concisely  by 
Wolfe  (1965)  in  his  comprehensive  work  on  the 
fine  structure  of  the  albino  rat  epiphysis.  The 
present paper deals with a  peculiar configuration 
of  a  smooth-membranous  structure.  Despite  a 
number of studies on the fine structure of the rat 
pineal body (Arstila and Hopsu,  1964; Bondareff, 
1965 a,  b; Buss and Gusek,  1965;  Clementi et al., 
1965; De Robertis and Pellegrino de Iraldi,  1961; 
Gusek  and  Santoro,  1960,  1961;  Gusek  et  al., 
1965;  Lin,  1965;  Milofsky,  1957;  Pellegrino  de 
Iraldi  et  al.,  1965;  Wolfe,  1965),  little  attention 
has  been  paid  to  the  agranular  reticulum  which 
appears to constitute an important component of 
the  rat  pinealocyte.  The  structure  described  in 
this study and designated by the term canaliculate 
lamellar  body  has  been  omitted from  previous 
reports.  The  purpose  of this paper  is  to  describe 
its  morphology  and  also  to  call  attention  to  its 
occurrence in the rat pinealoeyte. 
MATERIALS  AND  METHODS 
Pineal bod'ics were obtained from Long-Evans rats of 
both sexes  weighing  between  150  and  380  g.  Their 
agcs ranged from 2 mo to  2 yr.  Most of the animals 
rcceived  no  particular  treatment  prior  to  sacrifice. 
Some  had  bccn kcpt  in constant light and  some  in 
constant dark for  1 or 2 wk. Others were in late preg- 
nancy.  Most  of the pineal  bodies were  fixed by  im- 
mersion or by pcrfusion in 3% glutaraldehydc in 0.1 
M phosphate  buffer  (pH  7.2-7.4)  and  postfixed  in 
15 1% osmium tetroxide in the same  buffer.  Some ma- 
terials  were  fixed  by  immersion  in  1  ~0 osmium te- 
troxide, in which the elements of the agranular retie- 
ulum  tended  to  become  vesicular or  vacuolar,  but 
the integrity of the canaliculate  lamellar  body  was 
preserved.  After  conventional  alcohol  dehydration 
and embedding in Epon,  sections  were  cut  on  a 
Porter-Blum  microtome,  double-stained  with  alco- 
holic uranyl acetate and lead  citrate,  and  examined 
in  a  Hitachi  HU-11  electron  microscope. 
OBSERVATIONS 
The  endoplasmic  reticulum  is  one  of  the  pre- 
ponderant features in the rat pinealocyte (Fig.  1). 
It  occurs  in  both granular  and  agranular  forms. 
Besides  stacks  of  flattened  cisternae  in  parallel 
arrays,  short  tubular  profiles  of  the  granular 
reticulum are found randomly arranged and often 
distributed  within  the  domain  of  agranular 
reticulum  (Fig.  2).  Subsurface  cisternae,  like 
those  found  in  neurons  (Rosenbluth,  1963),  are 
also  recognized.  Agranular  reticulum  in  the 
pinealocyte  exhibits  a  loose  latticework  of  anas- 
tomosing tubules and flat cisternae,  the interstices 
of  which  are  rather  wide  and  contain  many 
clusters  of ribosomes.  Because  of this  pattern  the 
agranular  reticulum  is  quite  di  erent  from  that 
found  in other cell  types,  such as  interstitial cells 
of  the  testis  (Christensen,  1965),  hepatic  cells 
(Porter  and  Bruni,  1959),  and  the  chloride  cells 
of fish gills (Philpott and  Copeland,  1963);  it has 
been  designated  a  mixed  or  intergrade reticulum by 
Wolfe (1965). 
On  observation of the fine structure of pinealo- 
cytes  one  may  find  an  unusual  lacelike  pattern 
formed  by  smooth-surfaced  membranes;  this 
pattern  appears  distinct  from  the  agranular 
reticulum  described  above.  This  structure  varies 
considerably  in  size;  it  is  ovoid,  bandlike,  or 
irregular  in  outline,  and  is  localized  rather well. 
In  sections  the  bodies  usually  show  two  distinct 
FIGURE  1  Portions of  several pinealocytes,  showing well-developed endoplasmic reticulum,  especially 
in the cell at the left of the picture. Agranular profiles predominate over granular ones. In the interstices 
of  the  loose  reticulmn a  number of  small clusters  of  ribosomes are  observed.  G, Golgi complex;  MT, 
microtubules; SC, subsurface cisternae.  X  16,000. 
16  THE  JOURNAL  OF  CELL  BIOLOGY  •  VOLUME  33,  1967 profiles (Figs.  3 and 4) : one has a  roughly circular 
or  semicircular  region,  possessing  light  annular 
areas,  and  the  other  has  pattern  like  a  grille  or 
multiple ladder. The portion with annular profiles 
is  identified  as  a  section  of  flat,  fenestrated  cis- 
ternae  in surface view,  and  the grille-like portion 
is recognized as a  cross-section of stacks of similar 
flat cisternae. The element of the body is identified 
as  a  fenestrated,  fiat  cisterna  or  an  annulate 
lamella.  A  surface  view  of the cisterna  shows  the 
hexagonal  arrangement of annular pores with an 
average  diameter  of  550  A;  the  closest  distance 
between the rims of the neighboring pores is about 
one  half  the  diameter  of  the  pores.  The  flat 
cisternae  are  piled  in  an  oriented  order  forming 
parallel lamellae.  In addition,  the fenestrations in 
successive  cisternae  are  opposite  one  another  so 
that  clear  cylindrical  channels  are  seen  running 
perpendicular  to  the  lamellae  as  indicated  by 
transverse  sections  of  the  lamellae.  Since  the 
structure  is composed  of lamellae  and  is  pierced 
by  a  series  of  cylindrical  channels,  the  term 
canaliculate lamelIar body is proposed to designate it. 
Two  stacks  of the  fenestrated  cisternae  are  semi- 
diagrammatically  presented  in  Fig.  5.  There  are 
usually  four  or  five  fenestrations  counted  across 
the subcircular profile of a  flat cisterna in surface 
view;  this  conforms  to  the  number  of  the  light 
parallel  channels  recognizable  between  the  pro- 
files  of cisternae  in  surface  view.  Moreover,  the 
diameter of the annular pores is equal to the largest 
width of the light channels. These findings support 
the  identification  of  the  two  di~erent  aspects  of 
flat cisternae mentioned above. 
The  intracisternal  spaces  are  200-300  A  thick 
and the spaces between successive cisternae, which 
eventually  communicate  with  the  general  cyto- 
plasmic matrix, are about I00 A  wide as measured 
at the site where the stacks of cisternae are packed 
most  closely.  The  intercisternal  spaces  usually 
FIGURE ~  A portion of a  pinealocyte at higher magnification, showing branching tubules or eisternae 
of  the  endoplasmic  reticuluul.  A  few  granular profiles  (GR) intermingle with  agranular  ones,  among 
which  clusters  of  ribosomes  are  present.  Apposing plasma  membranes  are  shown  at  the  upper  right 
corner of the figure,  along which subsurface cisternae (SC) are discernible. M, mitochondrion.  )<  56,000 
HUAI-SAN LIN  Canaliculate Lamellar Body  17 FIGURE 3  A portion of a large canaliculate lamellar body. A mosaic of two distinct aspects of annulate 
flat cisternae is shown. Cisternae in surface view are represented by hexagonal arrangement of annular 
pores, while those in transverse section display parallel light channels, which result from the pores in 
successive lamellae  aligned in register.  X  57,000. Ficuaa 4 Another example of a large canaliculate lamellar body. Distinction between the flat cisternae
and the interstices which directly communicate with the cytoplasmic matrix is obvious at the lower
margin of the body (arrows) . Close association of the lamellar cisternae and the elements of endoplasmic
reticulum is seen at the lower left . R, ribosomes. X 54,000.FIGURE 5  A  semi-diagrammatic reconstruction of the 
three-dimensional organization of two adjacent stacks 
of  fenestrated lamellae.  For  simplification in  the  dia- 
gram the flatness of the lamellae is exaggerated. 
have  a  more  uniform  thickness  than  the  intra- 
cisternal  ones  which  may  expand  at  the  ends  of 
lamellae.  The  distinction  between  the  compart- 
ments can be made much clearer at the peripheral 
portion  of  the  body.  The  content  of cisternae  is 
rather  electron-translucent.  The  intercisternal 
matrix  usually  is lacking  in  formed  elements.  In 
the annular spaces,  however,  small granules of an 
unknown  nature  are  observed  occasionally. 
Large  canaliculate lamellar  bodies consist of a 
number  of  stacks  of flat  cisternae.  Series  of  the 
stacks  cross  one  another  so  that  in  a  plane  of 
section  the  surface  aspect  of the  flat cisternae  in 
each stack alternates with the cross-sectional view. 
As  indicated  by  the course  of the light channels, 
the  orientation  of  the  lamella  stacks  frequently 
changes and pursues a  somewhat tortuous course. 
Although  the  flat  cisternae  are  assorted  into  an 
extremely complex lamellate body, it is difficult to 
decide  whether  they  comprise  an  extensively 
intercommunicating  membrane-bounded  system 
or whether each of the lamellar cisternae keeps its 
individuality as a  separate flat sac. 
The  profiles  of the  canaliculate  lamellar  body 
encountered  in  the  present  study  vary  con- 
siderably in size, ranging from about 0.5 #  X  0.7 # 
to  about  3.3 #  ×  4.5~  in  dimension.  Without 
analyzing  serial  sections,  it  is  difficult  to  decide 
whether  a  given small  profile  shows  only a  mar- 
ginal  portion  of a  larger  body  or virtually repre- 
sents  the  entire  extent  of  a  body.  However,  a 
profile such as that shown in Fig.  6,  is considered 
to  be  a  small-sized  body  because  dissociated 
irregular cisternae usually are not present in large 
numbers  in  the  proximity  of  the  larger  lamellar 
bodies. In the middle of the picture many irregular 
sacs  are  seen  to  be  disposed  in  such  a  way  as  to 
lead  one to assume that they represent a  growing 
lamellar  body.  But,  alternatively,  the  same 
picture  can  imply  equally  well  that the  body  is 
in a  process of disintegration. 
In  some  instances the  lamellae  of the  body  at 
its  periphery  are  seen  to  be  approached  by  the 
membranes  of  either  the  granular  endoplasmic 
reticulum or the nuclear envelope (Figs.  4 and 8). 
However,  evident  communications  between  the 
cisternae  of the  lamellar  body  and  the  granular 
reticulum,  as  well  as  the  perinuclear  cisternae, 
have not been visualized. 
The  canaliculate  lamellar  bodies appear  to  be 
rather resistant to mechanical or chemical agents 
applied  in  the  preparatory  processes,  judging 
from  the  fields  that  show  a  lamellar  body  with 
well-preserved  integrity  surrounded  by  poorly 
fixed  structures  of  other  types.  Occasionally 
several  isolated  patches  of assorted  lamellae  may 
be  encountered  in  a  badly  damaged  cytoplasm 
(Fig.  7).  Possibly this is a  result of the dissociation 
of  a  lamellar  body  during  preparation  of  the 
specimen. 
The  canaliculate  lamellar  body  usually  is 
situated  in  the  perikaryon  away  from  the  cell 
surface,  and  frequently  is  observed  close  to  the 
nucleus. Occasionally it is located in a cytoplasmic 
invagination of the nucleus  (Fig.  8),  deep  infold- 
ings of which are characteristic of the rat pinealo- 
cyte.  Rarely is it located immediately beneath the 
plasma  membrane.  No  lamellar  body  has  been 
encountered  either  in  the  "polar  terminals" 
(Wolfe,  1965) of the pinealocyte processes or in the 
other cell types. 
Generally a  large number of cells were surveyed 
before a  profile of the canaliculate lamellar body 
was noticed, although in some cases comparatively 
many  and  large  bodies  could  be  found  without 
difficulty.  It  seems  that  this  peculiar  structure  is 
an  indigenous  organelle  of  the  rat  pinealocyte, 
although  the  extent  of  its  development  varies 
remarkably,  ranging from a  body so small  that it 
is  missed  easily  on  the  survey  of sections  to  one 
large enough  to  be detectable at  a  relatively low 
magnification.  The  body  has  been  found  in  the 
20  THE  JOURNhL OF  CELL BIOLOGY • VOLUME 3S,  1967 FIGURE 6  A small profile of a fenestrated cisterna surrounded by a number of irregularly shaped cisternae. 
The  adjacent  cytoplasm  contains  tubular  or  vesicular elements  of  agranular  and  granular  reticulum 
and clusters of ribosomes.  X  31,000. 
pineals  of  both  male  and  female  rats  between 
2a/~ mo  to  2  yr  of age;  this  includes  rats  in  late 
pregnancy,  animals  maintained  either  in  con- 
tinuous light or in constant  dark  for a  week,  and 
untreated normal rats.  It should be noted that the 
body has not been encountered in other rats of the 
same  age range  that  were  under  the  same condi- 
tions as those just referred to. Critical evaluation of 
the incidence of the canaliculate lamellar body in 
each animal should be the subject of further study. 
DISCUSSION 
Agranular  reticulum  is  a  collective  term  for  a 
variety  of  cisternal  systems  defined  by  smooth- 
surfaced  cytoplasmic  membranes  without  regard 
to  their  diverse  functional  roles.  In  addition  to 
displaying the usual  irregular tubular or cisternal 
form,  agranular  reticulum  has  a  great  versatility 
of pattern  formation,  e.g.  a  complex  lattice  of 
tubules  or cisternae  in  steroid-secreting  cells  (see 
Christensen,  1965),  the sarcoplasmic  reticulum in 
striated  muscle  cells  (Porter  and  Palade,  1957), 
myeloid  bodies  in  epithelial  cells  of  the  retina 
(Porter  and  Yamada,  1960),  and  annulate 
lamellae  in  a  variety  of cell  types  (Swift,  1956; 
Kessel,  1965;  Gross,  1966).  The  canaliculate 
lamellar body described in the present paper may 
be  classified  under  the  category  of  cytoplasmic 
constituents  exhibiting  a  unique  modulation  of 
agranular reticulum. 
The unit component of the canaliculate lamellar 
body is similar to that of annulate lamellae, in that 
it is a flat cisterna provided with regularly disposed 
fenestrations.  The  former  structure,  however, 
does not conform exactly to the latter,  but differs 
in  a  number  of respects.  (a)  By  its  compactness 
the  lamellar  body  is demarcated  better  from  the 
surrounding  cytoplasm.  (b)  The  body  in  a  single 
profile  always  shows  both  aspects  of  fenestrated 
cisternae  intimately  associated  with  each  other, 
whereas  annulate  lamellae  in  a  plane  of section 
usually  display  only  one  aspect  of the  cisternae, 
Hu.~I-SAN LI~  Canaliculate LameUar Body  21 FIGURE 7  Four isolated profiles of canaliculate lamel- 
lar  body  found  in  a  badly  damaged  cell;  see  text. 
X 35,000 
either  surface  or  cross-sectionM  view.  (c)  In  the 
former, a number of stacks of flat cisternae tend to 
assemble to organize a  highly composite structure 
of rather  large  size,  showing a  mosaic  of lamella 
stacks.  In  contrast,  annulate  lamellae,  when 
increased  in  number,  are  represented  by  many 
patches  of  lamella  stacks  separated  fl'om  one 
another  through  the cytoplasm  (see Wischnitzer, 
1960;  Kessel,  1963;  Zamboni  and  Mastroianni, 
1966).  (d)  The spaces between successive cisternae 
are much larger in annulate lamellae than in the 
lamellar body,  and  interlamellar communication 
present  in  the  former  (Chambers  and  Weiser, 
1964;  Kessel,  1963)  is not observed  in the latter. 
(e)  The  fenestration  in  the  canaliculate lamellar 
body  apparently  is  open,  whereas  a  diaphragm- 
like structure may occur in the  pore  of annulate 
lamellae (Kessel,  1965; Gross,  1966). 
It  has  been  suggested  that  annulate lamellae 
appear to be most prominent in the cells that are 
growing  actively,  multiplying,  or  differentiating 
(Porter,  1961; Ross,  1962; Kessel,  1965).  It is not 
possible  to  ascertain  whether  this  is  true  of  the 
canaliculate lamellar body, since no information is 
available about the occurrence of the body in the 
immature rat.  In this connection it is noteworthy 
that the body has been observed in a  2 yr old rat. 
A  cytoplasmic  structure  comparable  to  the 
lamellar body, other than annulate lamellae, is the 
"cisternal grilles"  reported  in the  epiphyseal cell 
ol  albino  rats  by  Wolfe  (1965).  However,  the 
structure depicted in Fig. 20 of his article appears 
much looser and  more  irregular in organization, 
and  does  not  show  clearly  the  characteristic 
feature  of  the  fenestrated  cisternae  exhibited  by 
the lameilar body. 
Another point of interest is the possible relation- 
ship between the canaliculate lamellar body and 
the  so-called  nuclear pellets  or  Kernkugeln which 
have been reported in the nucleus of pinealocytes 
in  various  species  of  mammals  (see  Bargmann, 
1943; Kevorkian and Wessel,  1959; Quay,  1965). 
On  the  basis  of light  microscopic  examinations, 
they have been interpreted in various ways.  It is 
most likely that the reported  nuclear pellets may 
constitute  two  different  structures:  enlarged 
nucleoli and cytoplasmic  invaginations of nuclei. 
Our present concern is the  entrapped cytoplasm. 
The irregularly outlined nucleus of the rat pinealo- 
cyte often shows deep  infoldings, and a  consider- 
able  amount  of cytoplasm  may  be  embraced  in 
the  nuclear  invaginations.  The  canaliculate 
lamellar  body  occasionally is  seen  to  be  located 
deep in such an invagination as illustrated in Fig. 
8.  In  this  situation,  although  actually  located 
outside the nucleus, it may correspond to a  type of 
nuclear pellets observed by light microscopy, and 
may  be  accountable  for  the  "expulsion  of  the 
pellet"  (Meyer,  1937). 
Because  of its  sparsity  and  inconstancy it  has 
been suggested that the lamellar body may not be 
a  permanent  constituent  of  the  rat  epiphyseal 
cell, but a  temporary manifestation of a  specially 
modulated agranular reticulum. One may assume 
that it would emerge from the excess of the cyto- 
plasmic membranes. The exquisite organization of 
the  structure,  however,  is  persuasive  in  encour- 
aging  an  assignment  to  it  of a  special  function 
other than that of a  mere depot of membranes. 
The lamellar body is divided into two  phases; 
one  is the  cytoplasmic  matrix lying between  the 
cisternae  and  in  the  pores,  and  the  other  is  the 
intracisternal phase delimited by the membranes. 
The  complex  lamellar  structure  may  afford  an 
elaborate  membrane  system  where  a  certain 
biochemical  reaction  perhaps  takes  place.  A 
series  of cylindrical  channels  resulting  from  the 
22  THE JOURNAL OF CELL BIOLOGY • VOLUME 33,  1967 FIGURE 8  A eanalieulate lamellar body located deep in a nuclear invagination. N, nucleus; N I, nuclear 
flaps.  X  ~6,000. 
precise arrangement of pores in successive lamellae 
may provide diffusion passages for metabolites in 
the interstices of the cisternae.  Recently,  biologi- 
cally active amines have been found in the pineal 
of some mammals. The rat pineal contains a large 
amount  of  5-hydroxytryptamine,  which  histo- 
chemically or experimentally is localized  both in 
the pineal sympathetic nerves and in the pinealo- 
cyte (Bertler et al., 1963; Owman, 1965; Pellegrino 
de  Iraldi  et  al.,  1965).  In  addition,  melatonin, 
HvAI-SAN LXN  Canaliculate LameUar Body  23 which  derives  from  5-hydroxytryptamine and  is 
a  postulated  active  principle  of  pineal  extracts, 
has  been  shown  to  be  present in  the  rat  pineal 
body  (Prop and Kappers,  1961;  Wurtman et al., 
1963;  Chu  et  al.,  1964).  An  enzyme,  hydroxy- 
indole-O-methyl  transferase,  involved  in  mela- 
tonin synthesis has been found only in the pineal 
(Axelrod et al.,  1961).  In view of these findings it 
is  tempting  to  assume  that  the  well-developed 
agranular  reticulum  perhaps  plays an  important 
role  in  the  metabolism  of  the  above  mentioned 
compounds, since it constitutes one of the unique 
and characteristic features of the pinealocyte, and 
to assume that the elaborate membrane system of 
the canaliculate lamellar body may  oier  special 
conditions in which a specific biochemical reaction 
takes  place.  However,  further  speculations  re- 
garding the relationship between the fine structure 
features  and  the  biochemical ones appear  to  be 
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